Introduction
Investigations of the influence of fetal breathing movements (FBM) upon the fetal heart rate (FHR) have been performed on fetal lambs by FOURON et al. [7] , DALTON et al. [3] , and on monkey fetuges by MARTIN et al. [10] and ADAMSONS et al. [1] , They found that fetal breathing was associated with an increase in heart rate variability, while mean heart rate changed unpredictably, along with a respiratory sinus arrhythmia. So far only three groups have published studies in which both fetal breathing and the FHR have been recorded simultaneously in the human fetuses: TIMOR-TRITSCH et al. [12] , WHEELER et al. [13] and DAWES et al. [5] . The purpose of this work is to study the relationship between FHR and fetal breathing. This was done using precision noninvasive ultrasonic techniques capable of simultaneous detection and recprding of the two parameters; thus, in order to do this, a multitransducer with TM-mode recorder was used. This methodology permits a reliable measurement of FHR intervals during apnea and in the presence of fetal breathing,
Materials and methods
Fetal breathing movements (FBM) and FHR were simultaneously detected using a B-mode real-time Scanner and a TM-mode recorder (Aloka SSD-200). Thus, it was possible to record from a selected line of multitransducer Scanner onto photosensible Curriculum vitae MARIO paper. The ultrasound System had two displays composed of the simultaneous observation in realtime scan and the TM-mode tracing. On B-mode scan the line for TM-recorder is selected and visible during the observation period. The transducer operated at a frequency of 2.5 MHz. The paper. speed was 2.5 cm per second. Analyses were performed on Windows of ten seconds duration to show the mean heart interval, the Standard deviation of the intervals and the mean absolute interval difference. Seventeen examinations were performed on fifteen normal women with singleton pregnancies between 36 and 0300-5577/82/0010-0203$02.00 © by Walter de Gruyter & Co. · Berlin · New York 41 weeks geStation. The patients were examinated in semirecumbent position in the early afternoon between one and three o'clock p.m. Observation periods were between 30 and 60 minutes, giving an average of 38 minutes. Before the test placental localization, fetal presentation, position,biparietal diameter, and abdominal diameters were evaluated and found to be normal for each patient. A basal section of fetal ehest, often transversal, sometimes oblique including on the same line two distal and proximal points of the ehest wall, and a clear heart signal (often interVentricular septum or valvular structures) was selected and recorded in TM-mode for periods of 5 to 30 minutes (average of ten minutes). In this way on the same tracing, FBM and FHR were recorded, while the observation in real-time was continued. Recording stopped when body fetal movements were present although the observation in real-time continued in order to reinstitute recording on photosensible paper when fetal body movements stopped.
Recordings with no clear FBM Signals were eliminated, so that only TM-mode tracing$ with both FBM and heart activity were examinated. On photosensible paper FBM appeared äs simultaneous proximal and distal sinusoidal wave forms corresponding to ehest wall movements (in some parts of the tracing the distal ehest wall is not so clearly identified) (Fig. 1) . In the periods of apnea sinusoidal wave forms were replaced by straight lines (Fig. 2) . Echocardiographic records were not always referable to an exäct heart structure; however, they could be used for a sure and precise measure of beat-to-beat intervals. Fetal and transducer stability during the recording periods allowed the tracing to refer to continuous motion of the same heart structure äs substantiated by the constant morphology of the tracing. By means of precision calipers, beat-to-beat intervals have been measured to the tenth of millimeter from consecutive echocardiographie wave from events. With the same method the rate of breathing has been studied. 
Results
Records of FBM and FHR have been achieved in 12 of 17 observations made from 15 women. In 10 of the 12 patients, a good study of FHRbeatto-beat intervals, was possible during both apnea and breathing. In two cases the heart tracing has been examined only in presence of FBM because these movements were present for the entire observation period. One or more 10 second Windows (equivalent to 25 cm of tracing) have been analyzed for a total of 260 seconds (equal to 650 cm of tracing). There were 16 periods of observation in the presence of FBM and 10 periods during apnea. Study of breathing movements evaluate the presence or absence of FBM, considering äs apnea the absence of FBM for 6 seconds or more during episodes without gross fetal body movements. FBM have been observed in 13 of the 17 recordings (76%). The mean rate of fetal breathing movements during respiratory episodes was 55.04 ± 12 breaths per minute.
Fetal cardiac activity has been studied using these Parameters, äs WHEELER et al. [14] have reported: 1) heart rate expressed äs mean of interval beat-tobeat measured in msec, 2) long-term heart variability measured äs Standard deviation of intervals beat-to-beat (msec) (Tab. I), and 3) short-term heart variability measured äs a mean of absolute interval difference expressed in msec (Tab. I). The distribution of these measurements is shown in Tab. H. Four hundred forty-nine intervals during fetal breathing activity and 214 intervals during apnoea have been studied. FHR was not significantly different in the periods of apnoea compared with the periods of breathing: Mean intervals were 435.03 ± 26 msec during breathing and 438.90 ± 41 msec during apnea. The mean interval, with the onset of breathing decreased in 7 recordings and increased in 5 recordings and in one case remained equal. Both long-term and short-term variability in- creased significantly in presence of FBM compared with the periods of apnea (Fig. 3) . Long-term variability, in the presence of FBM, was 34. 
Discussion
The results of this study are similar to those found in preveious investigations by WHEELER et al. [13] , and confirm an increase of short-term and long-term FHR variability in presence of FBM, lth ugh the increase is less significative for the latter. DAWES et al. [5] had observed modifications of the short term variability only. TIMOR-TRITSCH et al. [12] also report modifications of FHR in presence of FBM. We believe it is possible that the method we have used is free from the Problems that have been associated with the methodologies of these investigators. In fact, DAWES [5] has suggested that the modifications recorded on tracings of fetal ECG s detected by WHEELER et al. [13] and DAWES et al. [5] could be dependent on change in the'cardiac axis. Recording FBM using a maternal abdomen transducer [12] may have some uncertainty s to the correct identification of breathing, and FHR s recorded by DOPPLER [12] may have some possible artifacts. The direct observation of cardiac activity in real-time with the concomitant recording of TM-mode tracing demonstrating a constant morphology allowed us to maintain that our measures of beat-to-beat intervals were reliable. In this work we have not had sufficient data to evaluate the observed FHR variability s a respiratory arrhythmia, and this question is under consideration now. It is well-known that in extrauterine life cardiac and respiratory activity are ascribed to different mechanisms.
A) cardio-respiratory reflexes originating from receptors located in the respiratory tract. The lung contains a variety of receptors: 1) receptors in the airways: inflaction of the lungs causes an acceleration of the heart, presumably by the activation of the pulmonary streich receptors; 2) rapidly adapting receptors in the major bronchia connected to myelinated vagal afferents; 3) receptors in lung parenchyma connected to unmyelinated vagal afferents: Some of these receptors are located close to the pulmonary capillaries and they are activated by an increase in interstitial fluid volume in the lungs. A second type of receptor in lung parenchyma is connected with sympathetic nerves, and their function is unknown. There is an inhibitory reflex of the cardiovascular center (vagal nucleus); B) reflexes originating from cardiovascular receptors. Three sets of receptors are activated by changes in pressure of the heart chambers: 1) receptors at the veno-atrial junction; 2) diffuse receptors network with unmyelinated vagal afferents; 3) diffuse receptors network with sympathetic afferents. Increased filling of right atrium during Inspiration activates the mechanoreceptors with resultant increase of sympathetic activity to the sinus node; C) central Irradiation of inhibitory impulse from the respiratory centers to the cardiovascular centers; D) cardiovascular response to muscular contraction: The centers in the brain from motor cortex alter the Output of the medullary cardiovascular centers. Considering point A, in the fetus there is no stretching of the alveoli, because of the poor or absent fluid flow through the respiratory tract [3] , although FBM could stimulate the other receptors present in the lung parenchyma, possibly also by increase in pulmonary blood flow. The cardiovascular receptors (point B), too, may be invocated: EIK-NES et al. [6] had observed an increase of inferior cava vein blood velocity and a decrease in umbilical vein flow velocity during Inspiration. Finally, we can suggest that in the fetus too, a flow of Impulses from the respiratory centres (point C) to the cardiovascular centers is present, äs central activation of diaphragm could alter the Output of the medullary cardiovascular centers (point D).
Summary
Human fetal breathing movements (FBM) and cardiac activity (FHR) have been studied with a real-time B-mode ultrasound System and recorded in TM-mode, with a multitransducer. It was so possible to record simultaneously FBM and FHR on photosensible paper Seventeen examinations have been performed on 15 normal women between 36 and 41 weeks of gestation. Observation periods work between 30 and 60 minutes, giving an average of 38 minutes. In 10 patients a study of fetal beat-to-beat intervals both during breathing and during Keywords: FBM, fetal breathing, fetal heart rate. apnoea periods has been possible. In two more cases the study was performed only in presence of FBM. Fourhundred forty-nine beat-to-beat intervals during fetal breathing activity and 214 intervals during apnea have been studied. FHR was not significantly different in the periods of apnea compared with the periods of breathing. Long-term variability increased significantly (p < 0.05) in presence of FBM compared with the periods of apnoea äs did short-term variability (p < 0.001). 
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